Multiple models have been developed to evaluate the effect of various donor and recipient characteristics on outcome after kidney transplantation. The current kidney allocation system (KAS) is based on the Kidney Donor Profile Index (KDPI) and the Estimated Post-Transplant Survival (EPTS). The KDPI determines the quality of each individual deceased donor kidney relative to the other organs recovered from such donors. 1 The EPTS score is used to identify candidates with the best potential survival. 2 Currently, recipients with EPTS 20% are matched with organs from donors with KDPI 20%.
influence graft survival. Our rationale was to be able to provide the recipient with an overall assessment of the expected kidney transplant survival at the time of the organ offer based on his/her characteristics and the characteristics of the donor (deceased or live), and to be able to determine what organ to choose in instances where several options were available.
Methods
Total 39,108 subjects who underwent kidney transplant between October 25, 1999 and January 1, 2007 were identified in the United Network for Organ Sharing (UNOS) dataset. Kidney recipients younger than 18 or with missing age and adult kidney recipients with multiple transplants were excluded. Our primary outcome was the graft survival. 8 Two sets of covariates were of interest, one was donor characteristics and the other was recipient characteristics. 1, 9 According to the existing donor classifications, the Kidney Donor Risk Index (KDRI) and KDPI, donor age, height, weight, ethnicity (white, black, Hispanic, and other), history of hypertension, history of diabetes, cause of death (anoxia, cerebrovascular, head trauma, central nervous system tumor, others, and unknown), serum creatinine, hepatitis C virus status, and donation after circulatory death were assessed (►Table 1). Regarding kidney transplant recipient characteristics, variables were selected based on both prior knowledge in literature, and included recipient age, gender, body mass index (BMI), history of previous kidney Demographic characteristics of the study population, stratifying by graft survival status, were present (►Tables 1 and 2). The Wilcoxon rank-sum test and the chi-squared test were used to compare differences between continuous variables, and categorical variable, respectively, for those who had graft failure versus who did not. The number of person-years of graft survival was calculated for each individual. The end point of the study included lost to follow-up, death, patient experienced graft failure, and end of follow-up. The Kaplan-Meier survival curve was presented for the entire cohort. Cox proportional hazard models were used to identify predictors of graft failure. Two multivariate Cox models were constructed for donor risk factors and recipient risk factors, respectively. Cox models with backward elimination were used for multivariate analysis of recipient characteristics related to the incidence of graft failure. Proportional hazard assumption was assessed based on the Schoenfeld residuals. Prognostic scores were then estimated from each model. Time-dependent receiver operating characteristic (ROC) curves were computed from censored survival data using the Nearest Neighbor Estimation (NNE) method proposed by Heagerty et al. 18 Estimated area under time-dependent ROC curve (AUC) was used to compare the predictive ability of the two allocation systems. The "survivalROC" package written using R was used to conduct the estimation of timedependent ROC curves. The rest of the analyses was performed in Stata 14.0.
Our study design was submitted to the institutional review board (IRB) at the Feinstein Institute for Medical Research at Northwell Health. The IRB determined that the study did not meet the definition of human subject research because it did not involve identifiable information, no data or specimens were collected, and there was no direct intervention or interaction. Thus, review or approval was not required by the IRB. . In our donor model, age, height, serum creatinine, and donation after circulatory death did not achieve statistical significance. When considering recipient characteristics, all parameters evaluated achieved statistical significance. Further analysis (►Table 3) showed that although BMI was statistically significant, the subcategory "overweight" did not reach significance on its own. The predictive value of the recipient model (AUC ¼ 0.752) was greater than that of the donor model (AUC ¼ 0.673).
During the first year after transplantation, both donor and recipient models had identical relevance. From the first to the sixth years, although the two ROC curves were nearly identical, the donor model outweighed the recipient model. Both models intersected again at the sixth year. From that time onward, the difference between the two ROC curves increased and the ROC curve for recipient characteristics model predominated over the ROC curve for donor characteristics model (►Fig. 3).
Discussion
The KAS, based on the risk instruments KDPI/ KDRI (Kidney Donor Renal Index) and EPTS, was implemented on December 2014. 2, 10 The KDRI (Kidney Donor Renal Index) is based on 10 donor characteristics (age, cause of death, creatinine level, diabetes, donation after cardiac death, ethnicity, height, hepatitis C serology, hypertension, weight). 7, 11 It provides the relative risk of failure after transplantation of a specific deceased donor graft with respect to the median kidney donor from the previous year. 1 A KDRI of 1 represents the median (50th percentile) of previous calendar year donor. 11 The KDPI provides a percentage risk scale for each individual deceased donor based on the relative risk of the KDRI. 1 It eliminates transplant-related factors from the KDPRI and is normalized to a percentile value. 12 A donor with a KDPI of 20%, for example, has a KDRI that exceeds at least 19% and at most 20% of the entire donor reference population. 2 The EPTS is a score ranging from 0 to 100% that is assigned to all adult candidates on the kidney transplant waiting list based on time on dialysis, diagnosis of diabetes, prior solid organ transplant, and age. 13 Recipients with EPTS 20% receive priority for kidneys from donors with KDPI 20%. 2, [9] [10] [11] The incidence of graft failure in our study was 23.1% at 5.3 years. Both donor and recipient models had identical relevance during the first posttransplant year. From the first to the sixth year, although the two ROC curves were nearly identical the donor model outweighed the recipient model. After the sixth year, the difference between the two ROC curves increased and the ROC curve for recipient characteristics model predominated over the ROC curve for donor characteristics model. These findings could facilitate the allocation of organs based on both donor and recipient characteristics and the improved utilization of marginal organs.
The current 5-year graft survival is 57.6% for organs with KDPI > 85%, and 73.3% for those with KDPI 35 to 85%. 14 Transplantation of high KDPI deceased donor kidneys was found to be associated with a greater short-term but a lower long-term recipient mortality risk when compared with nontransplantation based on the expectation of receiving an organ with a lower KDPI. 12 The magnitude of the benefit decreased after the 4th posttransplant year. 12 The cumulative survival "break-even point" for transplantation with high KDPI kidneys was 7.7 months for KDPI scores of 71 to 80, 18.0 months for scores 81 to 90, and 19.8 months for 91 to 100. 12 The greatest survival benefit was observed among recipients either > 50 years of age or with a median wait time !33 months for KDPI 71 to 80% or with both characteristics for KDPI 81 to 100%. 12 Both short-and long-term timeassociated interactions become of greater relevance as the proportion of candidates 65 years of age or older continues to increase and will likely surpass those aged between 35 and 49 by 2020. 5, 14 Our results are consistent with the findings by Calvillo-Arbizu J et al, which focused on the odds of death and graft loss based on organ quality as measured by KDPI. The authors showed that the hazard survival ratio for patients over 60 years old was lower than that among those aged between 18 and 59 years. 15 The current kidney discard rate is 29.6% for donors who died of cerebrovascular accidents, 32.9% for donors aged between 50 and 64, 36.3% for donors with terminal creatinine >1.5 mg/dL, 36.6% for donors with hypertension, 45.1% for donors with diabetes, 59.1% for donors with KDPI >85%, and 62.3% for donors !65. 14 Our model expands the number of variables of the EPTS, which can be applied to the time of the organ offer to avoid continuous deterioration of potential recipients. Data show an increase in the number of candidates removed from the waitlist because of worsening medical conditions. 14, 16 Although more predictive of donor quality than the previous binary expanded versus standard criteria donor classification, KDRI has only a "moderately predictive" c-statistic power of $0.60. 2, 6, 7 It does not take into consideration recipient or donor/recipient characteristics and its predictive power is greatest at both extremes. 11 Furthermore, it has been associated with worse overall patient survival at one year as well as a trend towards increased graft outcomes. 17 In our study, we propose a predictive model that evaluates the dynamic effect and relevance of both donor and recipient characteristics after transplantation. As opposed to the KDPI tables that use logistic regression analysis assuming a fixed time, our model incorporates the concept of evolving risk over time. We also further define the short, intermediate, and longterm interaction of both donor and recipient characteristics on kidney graft survival. We do not assume a constant risk, and base our calculations on a Cox model that takes time into account. Although we used the same variables than KDPI, our study had a better predictive value than that of the KDPI. Our predictive value for recipient characteristics was also better than the predictive value of the KDPI for donor characteristics.
The survivalROC package is a useful tool in computing time-dependent ROC(t) curves, but has several limitations. It does not take time-varying covariates into account. It does not calculate confidence intervals of AUCs either, and therefore we cannot compare whether there is a statistically significant difference between the two markers measured on the same subjects. Like all other studies based on databases, we are also limited to the variables gathered by UNOS, such as a reporting bias associated with rapid notification of critical events (death or graft failure) and delayed notification of continued survival.
We hope that this model will provide additional guidance and risk stratification by further optimizing organ allocation and decreasing organ discard in deceased donor kidney transplantation.
